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5 

METHOD FOR DETERMINING THE POSITION OF AN OBJECT MOVING 

ALONG A COURSE 

10 Field o£ the invention 

[0001] The present invention relates to a method for 

securely determining the position of an object moving along 
a course which is known by the location device. 
[0 002] The term "course" is intended to mean a 

15 subset of the space delimited by a tubular surface of 
arbitrary and variable cross section, in which the vehicle 
is strictly constrained to move. In the ' event that the 
cross section of this tube can be neglected, this gives two 
equations linking longitude, latitude and altitude of the 
20 moving ob j ect 1 . 

[0003] The present invention relates more precisely 

to a method fbr determining the location of a train moving 
on a railway track of which the exact path is known. 
£0004] The present invention relates to a method for 

25 determining the location and/or the positioning of a 
vehicle in terms of railway transport security. It involves 
being able to determine in a quasi -instantaneously way and 
with a given probability the location of a vehicle moving 
on a known course, or more precisely ' the zones of non- 
30 presence of said vehicle on a section. 

State of the art 

[0005] In railway signalling, a train is not allowed 

to enter a specific section of track until it is certain 
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that the train in front' has departed therefrom, i.e. the 
track section in question is free. To that end, it is 
necessary to ascertain with a predetermined, extremely- 
small margin of error (for example with a maximum error 
5 level in the order of 10" 9 and preferably in the order of 
1CT 12 ) the zones in which non-presence of a train can be 
relied upon, and to do so at each iteration of the 
calculation. 

[0006] It .is known to determine the precise location 

10 of a vehicle, and in particular of a train, with trackside 
detection devices (track circuits, axle ' counters, . . . ) for 
train detection purposes. 

[0 007] It is also known to use ' train borne train 

position determination systems for fail safe train control 

15 purposes. These train position determination systems are 
based on train borne sensors (wheel sensors, radars,...) 
which give the relative position of the train with 
reference to trackside location materialised by trackside 
installed beacons (or equivalent devices) . These trackside 

20 reference points are required because of the nature of the 
applied sensors, in order to allow resetting the error 
accumulated by the train location system over time (radars) 
and/or distance (wheel sensors) . 

[0008] Those solutions have important impact on the 

25 life cycle cost of a train control /command system : 

Trackside detection systems have important acquisition, 
installation and maintenance cost, due to the quantity 
of equipment to be installed and their connection by 
cable to an interlocking system. 
3 0 - Existing train borne solutions, based on wheel sensors 
and/or radar sensors also have important acquisition, 
installation and maintenance costs, mainly due to. their 
location as they are mounted below the locomotive. 
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[0009] The position of a vehicle can be determined 

using a satellite communication system by means of a GNSS 
(Global Navigation Satellite System) like GPS, GLONASS, and 
the future Galileo system. WO 02/03094 discloses a method 
5 for secure determination of an object location, preferably 
a vehicle moving along a known course. This method takes 
advantage of the deterministic trajectory of the train to 
reach an optimal compromise between safety, availability 
and accuracy. However, this system cannot provide a higher 

10 accuracy where needed, e.g. near stations or crossings. 

[0010] EP-B-0825418 discloses the use of several 

sensors to determine the position of a train. Data relating 
to position and error interval from several sensors, 
comprising beacons and GPS, is used to determine the 

15 position of the train. However, this system implies a 
calculation involving several s operations including 
integration. It is therefore considered as complex. 

Aims of the invention 
2 0 [0011] It is therefore an aim of the present 

invention to provide a method and a device which permits 
secure location and/or positioning of an object, and thus a 
fortiori of a vehicle such as a train, moving on a known 
course . 

2 5 [0 012] The term secure location is intended to mean 

the location, or more exactly the non-presence of a train 
outside a zone which is redefined at each calculation, with 
a error level of less than 10~ 9 and preferably capable of 
reaching 10" 12 . 

3 0 [0 013] Another aim of the invention is to improve 

the localisation accuracy of a train, and to improve the 
throughput performance of a course such as a railway line. 
[0 014] Others aims of the invention are to improve 

the life cycle cost of a train/command system, to reduce 
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the amount of equipments installed below the locomotive, to' 
reduce the amount of equipments installed along the tracks. 

Summary of the invention 
5 [0015] The present invention relates to a method for 

determining the location and/or the positioning of an 
object, in particular a vehicle such as a train, moving 
along a known course, and this securely in terms of railway 
transport. The method comprises the steps of 
10 - determining an absolute position of the object with a 
first confidence interval, 

determining a relative position of the object with a 
second confidence interval, 

selecting the smaller confidence interval among the 
15 first and second confidence interval, 

- determining the location and/or positioning of the 
object by means of the position corresponding to said 
smaller confidence interval . 
[0016] Preferably said absolute position is 

20 determined by a railway-safe positioning method involving a 
digital mapping of the possible trajectories, and at least 
one satellite communication receiver, e.g. a GNSS receiver 
or an equivalent device. 

[0017] In a preferred embodiment, said relative 

25 position is calculated by detecting the presence of a 
beacon, and by integrating the speed of the object, with 
reference to the location of said beacon. 

[0018] Preferably, said speed is calculated via the 

GNSS Doppler signal. 
30 [0019] In a typical embodiment the first confidence 

interval for the absolute position is in the order of 5 0 m. 



[0020] In another object the present invention is 

also related to a location device implementing the method 
as previously described. 

Short description of the drawings 

[0021] Fig. 1 represents trains using the invention. 

[0022] Fig. 2 represents a graph showing the 

principles of the invention. 

Detailed description of the invention 

[0023] The present invention will be described with 

reference to a train moving on a track, but it must be 
understood that it can be generalised within the terms of 
the claims. 

[0024] Fig. 1 shows a train moving on a track. The 

track is subdivided in sections, and when the train leaves 
a section, another train can be allowed to enter this 
section. Therefore the position of the train needs to be 
determined. Y 

[002 5] This position is determined, in termS of 

railway safety, with absolute error length, called 
confidence interval. This means that the train is in the 
confidence interval with a probability of error of less 
than 10" 9 and preferably of less than 1CT 12 . The smaller the 
confidence interval, the sooner the section can be used by 
another train. The line/track throughput is therefore 
improved . 

[0026] The train is equipped with an absolute 

position determining system (APDS) . The APDS comprises 
means to access a digital mapping of the possible 
trajectories, and at least one GNSS receiver or equivalent 
device. The APDS allows to determine the position of the 
train, with a confidence interval of around 50 m. This can 
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be achieved by applying the method described" in WO 
02/03094 . 

[0027] The train is also equipped with a relative 

position determining system (RPDS) . The RPDS comprises 
5 means for detecting the presence of a beacon along the 
track. When a beacon is detected, the RPDS knows that the 
position of the train corresponds to the position of the 
beacon, with a confidence interval of for example around 5 
m. The position .of the beacon can be sent by the beacon 
10 itself, or ' stored in a database accessible from the train. 
The RPDS also comprises means to measure the speed of the 
train. Those means can be for instance the GNSS equipment 
of the APDS, allowing a speed determination by the GNSS 
Doppler signal. 

15 [0028] The relative position is calculated by the 

RPDS by integrating the speed of the train, with reference 
to the position of the beacon. The confidence interval, 
which is very small when a beacon has just been passed, 
increases with the movement of the train because of the 

2 0 accumulation of errors. 

[0029] The APDS and the RPDS are part of a train 

borne location system. The train borne location system 
determines the position of the train according to the 
method of the invention. 

25 [003 0] The principle of the invention is shown Fig. 

2 . The confidence interval of the position a train moving 
on a track is shown with respect to the distance ran by the 
train. A first curve ('APDS') shows the confidence interval 
of the APDS. The confidence interval is in this example 

30 about 5 0 meter. A second curve ORPDS') shows the 
confidence interval of the RPDS- When a first beacon is 
passed, the confidence interval is of for example from 1 to 
5 m. When the -train moves further on, the confidence 



interval increases, due to the accumulation of error's, 
until another beacon is met . 

[0031] The method of the invention consists in 

determining the position of the train according to the 
following principle : each time a beacon is met by the 
train, the train borne location system operates in an 
beacon augmented mode, using the RPDS : the beacon position 
is used as a reference and the actual train position is 
computed with reference to this beacon, by integrating the 
actual speed of the train. When the accuracy provided in 
this way falls under the accuracy provided by the APDS, or, 
in other words, when the confidence interval provided by 
RPDS exceeds the confidence interval one can achieve with 
APDS, the train borne location system stops using the 
beacon augmented mode information and switches to the use 
of the APDS. It then keeps operating in APDS mode until a 
next beacon is met . 

[0032] As a result, the position of the train is 

determined with a confidence interval shown by the 
x optimal' curve in Fig. 2. 

[° 03 3] Th e present invention allows to determine the 

position of a train with a high accuracy by placing beacons 
where needed, . for example near stations or crossings of 
tracks, and with a good accuracy and without the need of 
beacons, where such a higher accuracy is not needed. 
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CLAIMS 

1. Method for determining the position of an 
object, in particular a vehicle such as a train, moving 

5 along a known course, characterised by the following steps 

determining an absolute position of said object with a 
first confidence interval, 
- determining a relative position of said object with a 
10 second confidence interval, 

selecting the smaller confidence interval among said 
first, and said second confidence interval, 

determining said location and/or positioning of said 
object by means of the position corresponding to said 
15 smaller confidence interval. 

2. Method according to claim 1, 
characterised in that said absolute position is determined 
by a railway- safe positioning method involving a digital 
mapping of the possible trajectories, and at least one 

20 satellite communication receiver. 

3. Method according to claim 2, wherein said 
satellite communication receiver is a GNSS receiver. 

4. Method according to claim 1, 2 or 3, 
characterised in that said relative position is calculated 

25 by detecting the presence of a beacon, and by integrating 
the speed of said object, with reference to the location of 
said beacon. 

5- Method according to claim 4, 
characterised in that said speed is calculated via the GNSS 
30 Doppler signal. 

6 „ Method according to any of the preceding 
claims, characterised in that said confidence intervals 



determine the position of said object with an error 
probability in the order of 1CT 9 , preferably 10" 12 . 

7. Method according to any of the preceding 
claims, characterised in that said first confidence 
interval for said absolute position is in the order of 50 
m. 

8. Location device for determining the 
position of an object, in particular a vehicle such as a 
train, moving along a known course, characterised in that 
it comprises an absolute position determining system 
yielding a first confidence interval and comprising means 
to access a digital mapping of possible trajectories, and 
at least one satellite communication' receiver, and a 
relative position determining system yielding a second 
confidence interval and comprising means to detect the 
presence of beacons placed along said course. 

9. Location device according claim 8, 
characterised in that it further comprises means for 
selecting the smaller confidence interval among said first 
and said second confidence interval and wherein the 
location and/or positioning of said object is determined 
according to the method of any of the claims 1 to 6 . 

10. Location device according claim 8 or 9, 
wherein said satellite communication receiver is a GNSS 
receiver. 
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ABSTRACT 



METHOD FO R DETE RMINING THE POSITTQN OF AN OBJECT MOVING 

ALONG A COURSE 

The present invention is related to a method 
for determining the location and/or the positioning of an 
object, in particular a vehicle such as a train, moving 
along a known course, comprising the following steps : 

- determining an absolute position of the object with a 
first confidence interval, 

- determining a relative position of the object with a 
second confidence interval, ' 

- selecting the smaller confidence interval among the 
first and the second confidence interval, 

- determining said location and/or positioning of the 
object by means of the position corresponding to said 
smaller confidence interval. 

(Figure 2) 
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